To express human capital of nations proxies, such as literacy rates, school-enrollment rates or years of schooling are used. The aim of this article is to explore another possibility: to relate country's human capital to its outcome in TIMSS (The Third International Mathematics and Science Study), large international study of students' achievements in mathematics and science literacy from 1995. The relationship between TIMSS scores and GDP growth during 2000-2010 and GDP per capita in 2010 is examined and TIMSS are compared with other proxies of human capital, namely primary, secondary and tertiary school-enrollment rates from 1990, 1995 and 2000. The main result is that the correlation between TIMSS scores and GDP per capita in 2010 is statistically signifi cant at α = 0.01 level, and this relationship is stronger than that for school-enrollment rates. Also, linear models explaining GDP growth with TIMSS were found more statistically signifi cant than models without TIMSS. These results indicate that TIMSS scores might be considered a suitable proxy for nations' human capital after one or one and a half decade.
Introduction
Human capital is one of the most important intangible assets of enterprises as well as whole society. It is human knowledge, wit and ingenuity what drove our civilization to the use of satellites, lasers, cell phones, computers, Internet, nuclear power and many other technological conveniences. Introduction to the complexity of the concept of human capital can be found e. g. in Becker (1993) or Mazouch and Fischer (2011) . According to Romer (1990) , human capital is the key input for R&D sector, which generates technological progress through new ideas and products. Countries with greater human capital are not only able to generate new knowledge, but they also introduce new goods more rapidly, which results into faster growth. As pointed by Nelson and Phelps (1966) , human capital facilitates absorbing new ideas discovered elsewhere; hence countries with more human capital catch up with technological leaders and therefore grow faster. Becker, Murphy and Tamura (1990) suppose that the rate of return on human capital grows as a consequence of the spillover benefi ts from human capital. If someone has some ability, for example talent in communication, this ability will be more appreciated
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by those who share it too. Increases in human capital per capita lead to higher investment into human capital and physical capital; and to higher per capita growth. Lucas (1988) in accordance with neo-classical approach to economic growth assumes that growth is driven by accumulation of human capital and the differences among countries' growth rates are primarily due to different accumulation rates of human capital.
Infl uence of human capital on economic growth has been studied widely in the recent decades; see e. g. Romer (1990) , Barro (1991) , Becker (1993) , Baro and Sala-i-Martin (1995) , Jones (1996) , Temple (1999) , Wilson and Briscoe (2004) , Cohen and Soto (2007) or Castelló-Climent (2010) . For the evaluation of nation's human capital, mostly the literacy rates, school-enrollment rates (both in %) or duration of school attendance are used.
However, these measures of human capital have some disadvantages. Literacy rates in developed countries are almost identical: from 99 to 100 %. From the dataset of 21 countries considered in this paper only four (Cyprus, Italy, Slovenia and South Africa) had the literacy rates lower than 99 % in 1995 (UNESCO, 1998). That's why the literacy rates are not used as a proxy of human capital in this paper. The school-enrollment rates and duration of school attendance cannot embrace quality of education, as they are quantitative variables, but not qualitative.
In the 1990s the fi rst large international comparative studies of students' and adults' knowledge were realized, including e.g.
TIMSS (The Third International Mathematics and Science Study), PISA (Programme for International Student Assessment) or IALS (International Adult Literacy Study).
These studies enable another approach to the assessment of human capital among countries, which is based on their results. In this paper one large international education study, namely TIMSS conducted in 1995 across 40 countries all over the world, is used for the evaluation of nations' human capital. TIMSS 1995 results might be better proxies of nations' human capital on the following grounds:
• It describes real knowledge of students at a given level of education process in mathematics and science in a given country, regardless of government or private spending, school-enrollment rates, duration of school attendance in years and other parameters.
• Knowledge of mathematics and science is the most important driving force of nation's scientifi c and technology progress, which in turn can stimulate economic growth.
The question is whether TIMSS 1995 results are correlated with nations' economic growth and whether these correlations are more signifi cant than for the aforementioned measures (proxies) of human capital.
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Therefore, the aim of the article is: 1) to examine the relationship between national TIMSS 1995 scores of 18-year old students, and economic growth and GDP per capita from 5 to 15 years later, when students reached their most productive years (thirties), 2) to compare the results of TIMSS with other proxies of human capital, namely school-enrollment rates.
The paper is organized as follows: in Section 2 earlier studies on the topic are briefl y discussed, in Section 3 TIMSS research is described, in Section 4 the data and research methods are introduced, Section 5 provides results along with discussion and Conclusions close the article.
The Relationship between Economic Growth and Human Capital
From many studies on the role of human capital on economic growth only results of Barro's classic paper (Barro, 1991) will be discussed here. In this study the data of 98 countries all over the world from 1960 to 1985 were examined. Among others, the data included GDP per capita in 1960 (abbr. GDP60, in $), the average growth rate of real per capita GDP from 1960 to 1985 (GR6085, in %), primary school-enrollment rates from 1960 (PRIM60, in %) and secondary school-enrollment rates from 1960 (SEC60, in %).
As expected from the neoclassical growth models (see e.g. Solow 1956 ), due to diminishing returns to reproducible capital poor countries tend to grow faster than rich ones, and indeed, GR6085 depended negatively on GDP60.
Main Barro's fi nding dealing with human capital was that the average growth rate during 1960-1985 was positively related to proxies of initial human capital (from 1960), and this relationship was found statistically signifi cant. When other variables were held constant, the regression coeffi cient between GR6085 and PRIM60 was 0.0250 and between GR6085 and SEC60 0.0305. For a human capital with the proxy defi ned as 0.0250PRIM60 + 0.0305SEC60, the correlation coeffi cient with GR6085 was 0.73, this relationship is presented graphically in Figure 1 .
Barro examined some other measures of human capital, such as school-enrollment rates from 1950 and 1970, and also literacy rates from 1960 (LIT60). The correlation coeffi cient between GR6085 and LIT60 was found signifi cantly positive (as expected), when school-enrollment variables were excluded. However, with school-enrollment variables in the model the correlation coeffi cient of LIT60 was negative, a result diffi cult to interpret according to Barro. 
The Third International Mathematics and Science Study in 1995
The Third International Mathematics and Science Study (TIMSS) in 1995 was the fi rst large international assessment of students' mathematics and science achievements conducted in more than 40 countries during 1994-1995 (for a list of all participating countries see TIMSS home page, 1995). Students of the third, fourth, seventh, and eighth grades, and the fi nal year of secondary schools were tested in mathematics and science; altogether more than half a million students was tested.
In this paper only TIMSS 1995 scores of the fi nal year of secondary school students (they are referred as Population 3) in mathematics and science literacy are discussed, as only these students were old enough in 1995 (they were eighteen years old) to have some impact on their national economies during 2000-2010 or 2005-2010 periods. Students of later TIMSS (or other) studies were too young to infl uence national economies in the given periods of time, so their results were not used in this paper. Altogether, the fi nal year of secondary school students from 21 countries participated in TIMSS 1995, and their scores are shown in Table 1 .
As for regional distribution of participating countries, it is very non-representative. There are sixteen countries from Europe, two countries of North America (USA and Canada), two countries of Australia and Oceania (Australia and New Zealand) and one country from Africa (South Africa). Asia, South and Central Americas are not represented at all.
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As can be seen from 
The Data and the Method

The data
The data for each of 21 countries participating in TIMSS 1995 study and the Population 3 included:
• TIMSS scores from 1995, denoted as TIMSS95,
• GDP based on purchasing-power-parity ( The above mentioned data are presented in Table 1 and The legend: *Countries not satisfying guidelines for sample participation rates, **countries with unapproved student sampling, ***countries with unapproved sampling procedures and low participation rates. Sign '-' indicates missing data.
Source: TIMSS home page (1995), IMF (2011).
Variables were divided into sets of independent variables: INDV = {GDP10, GR00-05, GR00-10} and dependent variables: DEPV = {PRIM90, PRIM95, PRIM00, SEC90, SEC95, SEC00, TER90, TER95, TER00, GDP95}. GDP95 was included into the set of dependent variables as well as into linear models, because GDP growth depends
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(negatively) on initial value of GDP (poorer countries tend to grow faster than rich ones), see also results of the empirical study by Barro (1991) .
However, there were some minor problems with the data. School-enrollment rates in some countries and for some years were missing (see Table 2 ) as well as GDP from 1995 for Lithuania. Also, though TIMSS study was rather extensive, samplings in some countries did not satisfy strict guidelines for sampling of students, see Table 2 again. Nevertheless, TIMSS still provided the best data on students' achievements in the 1990s worldwide. School-enrollment rates are given as a gross enrollment ratio, which is the ratio of total enrollment, regardless of age, to the population of the age group that offi cially corresponds to the level of education shown (World Bank 2010). Hence, in some cases school-enrollment rates might exceed 100 %, as older students could participate in education of younger students. 
The method
To answer the question from the article's title positively, TIMSS scores should provide the same or higher explanation power of GDP level or/and GDP growth than other proxies of human capital. Hence, the examination whether TIMSS scores can be used as a suitable proxy of human capital (based on the sample of countries participating in TIMSS 1995 study) a comparison with other proxies, namely primary, secondary and tertiary school-enrollment rates from 1995 (1990, 2000) was carried out in two stages:
i) Simple linear regressions with TIMSS95 as an independent variable were compared to simple linear regressions with school-enrollment rates as independent variables for selected dependent variables from DEPV. For results see Section 5.2. Moreover, correlations among all variables are presented in Table 4 .
ii) Multiple linear regressions with a selected dependent variable from DEPV and selected independent variables from INDV. Again, models with TIMSS95 among explanatory variables were compared to models without TIMSS95. For the results and their discussion see Section 5.3.
A multiple linear regression model with k independent variables is given as:
In (1) y is dependent (explained) variable, x ji is the i th observation of j th independent (explanatory) variable, β j are regression coeffi cients and ε i are residuals. Goodness-offi t of a model is given by R 2 , the statistical signifi cance of a model can be tested by the Fisher-Snedecor test (F-test), while the statistical signifi cance of each particular β i can be checked by the Student test (t-test).
The estimation (1) was performed by OLS method via statistical software Gretl. When heteroscedasticity is present in the data, OLS does not result in biased estimation of parameters, but the method does not provide estimation with the lowest variance (estimation is ineffi cient), hence it leads to bias in test of statistical signifi cance and confi dence intervals. To avoid the problem with heteroscedasticity in the data, estimations (1) were corrected for heteroscedasticity.
Another problem in multiple regression models is multicollinearity, which might result into large changes in estimated regression coeffi cients and lower statistical signifi cance of individual predictors. Multicollinearity of regression models was examined in the Section 5.3.
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Correlations among all variables
Correlation coeffi cients among all variables are presented in Table 4 . Statistically signifi cant relationships between INDV and DEPV variables were found only for GDP10 with TIMSS95, TER95 and TER00, respectively. Somewhat surprisingly, both GR00-10 and GR05-10 were negatively correlated with TIMSS and TER variables, and mostly positively correlated with PRIM variables. However, these relationships were not statistically signifi cant. Among all variables, the strongest linear dependence was between GDP95 and GDP10, TER95 and TER00, and SEC90 and SEC95. PRIM variables were correlated substantially lower. TIMSS95 was correlated mostly with SEC90 and SEC95.
One possible explanation for the negative correlations between GR00-10 (GR05-10) and TIMSS95 (TER variables) is that from the neoclassical model of economic growth it follows that rich countries (with generally well-educated population) tend to grow slower than poorer countries (with generally less educated population), though all countries in the sample experienced growth during examined period. Also, the data might be disturbed by the fi nancial crisis, which began in 2007. In the next two Sections selected simple and multiple linear models are examined.
Simple linear regressions
In this Section simple linear regression models were examined. All results are presented in Table 3 . Also, to illustrate the relationship between TIMSS scores and GDP, Figures 2 and 3 are provided at the end of this section. Apparent 'outliers' on both fi gures are TIMSS scores of South Africa. However, it is not a case of a measurement error, as these scores are real results achieved by South African students, so the data for South Africa were used in the models hereinafter.
Models (1-3) include TIMSS95 as explanatory variable, while models (4-12) contain school-enrollment rates from 1995 as explanatory variables. Dependent variables were GDP10, GR05-10 and GR00-10. While models (1-3) provide explanation of GDP by (solely) TIMSS95, models (4-12) provide explanation of GDP by one of school-enrollment rates. In such a way both proxies of human capital (TIMSS and school-enrollment rates) can be directly compared in terms of good-of-fi tess of presented models.
Comparison of the statistical signifi cance of explanatory variables in these models suggests that TIMSS95 are suitable proxies of human capital, as they are highly signifi cant in models (1) and (3). Among school-enrollment proxies SEC95 is statistically signifi cant only in the model (7), PRIM95 only in the model (6) and TER95 is signifi cant in all three models (10-12), but with only in the model (10). 
Multiple linear regressions
In this section multiple linear regression models with GDP10, GR05-10 or GR00-10 as dependent variables and school-enrollment rates along with TIMSS95 and GDP95 as independent (explanatory) variables were examined. More specifi cally, models with TIMSS95 as one of explanatory variables are compared with their counterparts without TIMSS95. If addition of TIMSS95 variable into the models results in a better model, then it can be considered a suitable proxy of human capital.
Models are numbered from (1) to (10) and are shown in Table 5 along with samples' sizes, regression coeffi cients, their overall statistical signifi cance tested by F-test along with statistical signifi cance of partial regression coeffi cients for each independent variable. GDP95 was added among independent variables because in the neoclassical approach to the economic growth GDP growth is related (negatively) to the initial level of GDP per capita, as discussed in Sections 1 and 2. And indeed, as can be seen from Table 5 and columns (4) to (12), there is a negative and in most cases also statistically signifi cant dependence between GDP95 and GR00-10 (or GR05-10).
In models (1-2) GDP10 was used as a dependent variable and PRIM95, SEC95, TER95 and TIMSS95 as explanatory variables. F-signifi cance and R 2 values indicate that the better model was (1) with TIMSS95. Also, in the model (1) TIMSS95 was the most statistically signifi cant variable.
In models (3-4) GR00-10 was used as a dependent variable and GDP95, PRIM95, SEC95, TER95 and TIMSS95 as explanatory variables. In the model (3) with TIMSS95 only TER95 was found to be statistically signifi cant (at 0.10 level), though F-signifi cance of the model was very small (0.00087). In the model (4) GDP10 was the only signifi cant explanatory variable. Values of F-signifi cance and R 2 indicate that the model (3) with TIMSS95 is better.
In models (5-6) GR05-10 was used as a dependent variable and GDP95, PRIM95, SEC95, TER95 and TIMSS95 as explanatory variables. With exception of GDP10 in the model (6) none partial regression coeffi cient was statistically signifi cant. Nevertheless, both models were statistically signifi cant according to their F-value, and as in models (3-4) the model with TIMSS95 provided the better fi t.
In models (7-8) GR00-10 was used as a dependent variable and TIMSS95 resp. TER95 variables along with GDP95 as explanatory variables. In this comparison of TIMSS95 resp. TER95 the model with TIMSS95 provided the better fi t.
Finally, in models (9-10) school-enrollment rates from 1990 (model 9) and 2000 (model 10) were used as independent variables for the comparison with the model (4), where school-enrollment rates from 1995 were utilized. From explanatory variables of all three models only SEC90 was found statistically signifi cant. The goodness-of-fi t of models (9-10) was found to be better than of the model (4). This result indicates that for the explanation of the economic growth of 21 selected countries during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] PRAGUE ECONOMIC PAPERS, 2, 2014  193 school-enrollment rates from 1990 and 2000 has more predictive power than schoolenrollment rates from 1995.
Among all explanatory variables of the economic growth of selected countries during 2000-2010 used in this study, GDP per capita in 1995 was the most important (the most statistically signifi cant) variable. Partial regression coeffi cients of school-enrollment rates and TIMSS95 were found to be statistically insignifi cant in most of the models, but majority of models was statistically signifi cant as a whole. Moreover, all models with TIMSS95 among explanatory variables provided better fi t of the data than their counterparts without TIMSS95.
Also, possible multicollinearity in the regression models was examined. Multicollinearity does not affect reliability of a regression model as a whole, but it affects individual predictors, see Kennedy (2003) . For the detection of multicollinearity some approaches were proposed, but there is no test of statistical signifi cance for multicollinearity yet (Kennedy 2003) . In models (1-10) mostly PRIM95, SEC95, TER95, GDP95 and TIMSS95 were used as independent variables. At fi rst pairwise correlation coeffi cients among these variables were examined. Multicollinearity can be expected when a correlation coeffi cient exceeds value of 0.8. From Table 4 can be seen that pairwise correlation coeffi cients of the variables are smaller than 0.8, as they range from 0.275 to 0.732. Another commonly used measure of multicollinearity is variance infl ation factor (VIF), see O´Brian (2007) TIMSS95 PRIM90 PRIM95 PRIM00 SEC90 SEC95 SEC00 TER90 TER95 TER00 GDP95 GDP10 GR05- Table 5 Multiple Linear Regression Models Models (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) dependent variable GDP10 GDP10 GR00-10 GR00-10 GR05-10 GR05-10 GR00-10 GR00-10 GR00-10 GR00-10 
0.2125** 0.2708*** -0.0146* -0.0041 -0.0046 -0.0067 -0.0039 --
The legend: *partial regression coeffi cient signifi cant at α = 0.10 level, ** at α = 0.05 level, *** at α = 0.01 level.
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Conclusions
In this study TIMSS scores of 21 countries from 1995 were examined in a relation to the economic growth after 10-15 years. Traditionally, human capital of nations is expressed by literacy rates or school-enrollment rates. However, these variables cannot capture quality of education, but TIMSS scores can, so they can aspire on proxies of human capital as well.
In the empirical part of this paper it was found that TIMSS scores from 1995 strongly positively correlate with GDP per capita in 2010 (r = 0.696, statistically signifi cant at α = 0.01). This correlation is higher than correlations between school-enrollment rates from 1995 and GDP per capita in 2010, which were found statistically insignifi cant at α = 0.01 level.
To compare TIMSS with school-enrollment rates as proxies for human capital 12 simple and 10 multiple linear regression models were examined. In simple linear models TIMSS and school-enrollment rates were explanatory variables for GDP per capita in 2010 and mean GDP growth during 2005-2010 and 2000-2010. Results of these models suggest that TIMSS is a suitable proxy of human capital, as it was highly statistically signifi cant (at α = 0.01) in two out of three models. The positive values of regression coeffi cients in these models refl ect expectations that higher TIMSS scores lead to the higher GDP growth after one and a half decade. Open question remains why TIMSS was statistically signifi cant in the model with mean GDP growth during 2005-2010 as a dependent variable, but not for the longer 2000-2010 period.
Primary and secondary school-enrollment rates were statistically signifi cant only in one model out of three, while tertiary school-enrollment rates were signifi cant in all three models, but in two models the regression coeffi cient was negative -a result which is somewhat counterintuitive.
From multiple linear regression models with the same dependent variables it was learned that integration of TIMSS scores into models leads to their substantial improvement, although partial regression coeffi cients for TIMSS were statistically signifi cant only in the case of GDP per capita in 2010. However, the same applies to school-enrollment rates, which were also statistically insignifi cant in most cases. The most important (the most statistically signifi cant) explanatory variable of the economic growth was GDP per capita in 1995. This (collateral) result of this study is in agreement with the neoclassical model of economic growth, which states that poorer countries tend to grow faster than rich ones.
Thus, the answer to the question in the paper's heading is yes: TIMSS scores can be considered suitable proxies of human capital.
However, this answer must be treated with some caution due to limitations of the presented study, namely its database, for data quality is crucial in empirical analysis (see Cohen and Soto 2007) . Firstly, the data included only 21 countries, mainly developed countries from Europe; Americas were represented by only two countries, as well as Oceania, and from Africa only data from the South Africa were at the disposal. Also, some data for school-enrollment rates were missing, and TIMSS scores for some countries (though the sample was quite large) were obtained by improper sampling. Secondly, the lag of 5-15 years between TIMSS and period for which GDP was taken might be too short. Since TIMSS 1995 other international studies of students' achievements took place, such as PISAs (Programme for International Student Assessment, in 2000 , 2003 , 2006 and 2009 ) or later TIMSSs (in 1999 , 2003 . It would be interesting to combine results from TIMSS and PISA in the same way as primary, secondary and tertiary schoolenrollment rates are used to express human capital, and to compare these results with economic growth after several years or a decade.
